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Optoel ectronic device makers require accurate data on the
chemical composition of 111-V semiconductor alloys, such as
Al,Ga; As, to make their manufacturing processes more
predictable and robust and to enable more accurate modeling
and simulation of device performance. Aspart of alarger
NIST project to devel op standard reference materialsto meet
this need, we are improving the accuracy of room-temperature
photol uminescence spectroscopy as an indirect,
standards-based composition measurement method.

The objective of this project isto improve the accuracy of
room-temperature photoluminescence (PL) spectroscopy as a
chemical composition measurement method for I11-V
compound semiconductor films, focusing on the important
Al GayAs and In,Gay.,AS, Py systems. PL iswidely used
by the semiconductor materials and device industries asa
composition metrology tool because of its speed, simplicity,
and low cost. However, to achieve the high accuracy needed
for semiconductor device simulation and modeling, the PL
composition measurements must be calibrated using standard
samples of accurately known composition. Heretofore, such
samples have not been available.

The Compound Semiconductor Composition Standards
Program at NIST isaimed at the devel opment of
high-accuracy composition standards for 111-V compound
semiconductor films. Thus far, our efforts have focused on
the Al,Gay,As system. Filmsare grown in two molecular
beam epitaxy (MBE) deposition systems and the
compositions (parameter xX) are measured both by in-situ
monitoring, primarily reflection high-energy electron
diffraction (RHEED), and by ex-situ chemical measurements,
primarily wavelength disperdve x-ray spectroscopy in an
electron probe microanayzer (WDS/EPMA).

The PL-based composition measurementsrely on thelinear
or nearly linear composition (X) dependence of the energy at
the peak of the PL emission spectrum, which isclosdy tied
to the semiconductor band gap. Careful data reduction and
anaysis techniques, including near-real-time calibration of
the wavelength (or photon energy) scale with atomic vapor
lamps, correction for the wavel ength dependence of the
spectrometer response function, and curve-fitting of the
emission spectrum lineshape, enable usto determine the peak
PL emission energy, denoted Ep, with high accuracy and
reproducibility. A platinum resistive temperature sensor is
used to measure and correct for the effect of room
temperature drift on Ep . With these procedures, the
reproducibility of Ep isfound to be £0.0003 eV or better
(note al uncertainties arereported at the 20 level).

Measurements of Ep were made for a number of samples
with compositions (X) previously measured by thein-situ
RHEED and ex-situ WDS methods. Calibration curves were

generated by fitting alinear function to the (Ep, X) data. The
best-fit line determined from the WDS compositionsis

X = (0.721+0.006 eV [Ep, - (1.4232+0.0003) eV]

The deviations between the fitted PL compositions and the
measured WDS compositions, aswell asthe corresponding
deviations for PL vs. RHEED, areplotted in Fig 1. The
deviations between the fitted line and the measured
compositions are seen to be larger for (Ep, Xrueep) than for
(EpL, Xwps)- Thisresult is plausible because the RHEED
measurements are performed at the start of each deposition,
and do not alow for possible composition drift during
growth, while both the PL and WDSEPMA measurements
probe the upper portions of the as-grown films.

We will also examine heavily n-type or p-type doped
samples, in which large doping shifts of Ep_ occur. The
objective will beto develop an algorithm to determine X from
Er. and the dopant (or carrier) concentration.

0.010 ' ' '
7]
g 0.005 + % % -
x 1m _ _Jr - __ _© _[
< 0.000 +% #
~~ m
é -0.005 - r
x -0.010 15 WDS/EMPA data -
s RHEED data
'0015 T T T
0.0 0.1 0.2 0.3

Xmeas (WDS or RHEED)

Fig. 1. Deviationsof fitted (PL) from measured (WDS,
RHEED) compositions of Al,Gay,Asfilms. Uncertainties of
the fitted PL compositions are derived from the uncertainties
of the dope and the Ep. values (as given in the equation).
The uncertainties of the WDS compositions are estimated to
be =0.002; the uncertainties of the RHEED compositions are
estimated to be <0.004.
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